Background and Purpose-The efficacy and safety of the neuroprotective drug clomethiazole was tested in a double blind placebo controlled trial in patients with a clinical diagnosis of acute hemispheric stroke. Methods-Patients with symptom onset of Յ12 hours before the start of treatment were included in the study.
C lomethiazole (Zendra; Astra AB) is neuroprotective in models of focal ischemia in the rat [1] [2] [3] and marmoset, 4 as well as in global cerebral ischemia in the gerbil. 5 Clomethiazole has sedative properties. However, intravenous administration of the drug to gerbils for 24 hours at plasma concentrations of 10 mol/L produced almost total neuroprotection with little sedative effect. 6 Clomethiazole has previously been reported to enhance GABA A receptor activity. [7] [8] [9] Activation of the GABA A receptor-ion channel complex may produce membrane hyperpolarization. Counteraction of the depolarization induced by ATP depletion and glutamate release could thus be a critical property associated with the neuroprotective action.
A dose-escalation study was performed to evaluate the safety of intravenous clomethiazole when given to patients with acute ischemic stroke. 10 An acceptable overall safety of clomethiazole was observed with a dose relationship for sedation. A dose of 75 mg/kg clomethiazole given as an intravenous infusion over 24 hours was found to be well tolerated with acceptable sedation. It produced a mean plasma concentration of about 13 mol/L at the end of the infusion, which compares favorably with concentrations that are neuroprotective in animals. This dose was therefore considered suitable for further use in clinical efficacy trials on acute stroke patients.
In this study we evaluated whether intravenously administered clomethiazole in a dose of 75 mg/kg would improve functional and neurological outcome in patients with a clinical diagnosis of an acute hemispheric ischemic stroke. Functional outcome on the Barthel Index at 3 months was selected as the primary outcome measure.
Subjects and Methods

Trial Organization
The Clomethiazole Acute Stroke Study (CLASS) involved 85 clinical centers, a central coordinating site in Sweden, 8 national coordinating sites, a steering committee, a data monitoring committee, and a review consultant (see the Appendix). There were 15 clinical centers in Canada, 15 in France, 6 in Hungary, 8 in the Netherlands, 4 in Norway, 18 in Spain, 12 in Sweden, and 7 in the United Kingdom. Each country had a local coordinating investigator. The investigator of each clinical center was responsible for the management of the study, usually with the assistance of a clinical coordinator/study nurse. The study was performed in accordance with the Declaration of Helsinki, and the protocol was approved by the local ethics committees. All patients or their representatives gave informed consent. Source verification of study data, including patient recruitment and evaluation, informed consent, time from onset of symptoms to start of treatment, administration of the study treatment, outcome assessments, and adverse events were performed for all patients by trial monitors from each national coordinating site. A complete check was made on a random sample (20%) of the patients at each center.
The independent data monitoring committee (IDMC) comprised 2 neurologists and a statistician. The members were recruited external to the sponsor and were not involved in any other study activities. Performance of interim analyses of safety data was planned on 3 occasions: after 200, 450, and 900 patients. Evaluation of efficacy data was planned after 450 and 900 patients, and group sequential boundaries were used. Only the IDMC had access to unblinded data during the course of the study.
All interim analyses were carried out according to plan, and the recommendation of the data monitoring committee on all occasions was that the study should continue.
The review consultant provided advice on the validity of an enrollment if it was in doubt. All validations were made with the treatment allocation blinded.
Patient Selection
Patients were considered for the trial if they had a clinical diagnosis of acute hemispheric (cortical or subcortical) cerebral infarction with onset of symptoms Յ12 hours before the start of the treatment. A CT scan was not required before inclusion, but if one had been performed the results had to be compatible with diagnosis of a cerebral infarction. Patients who were eligible according to the inclusion and exclusion criteria (Table 1) were included in the trial and randomized to receive active treatment or placebo. Randomization was stratified by center and 2 strata defined on time since onset of symptoms (Յ6 hours, 6 to 12 hours).
Treatment
Patients included received either clomethiazole (a total dose of 75 mg/kg) or placebo as an intravenous infusion over a 24-hour period. Treatment was carried out in a double-blind manner, with clomethiazole or placebo contained in identical bottles. All follow-up assessments of neurological and functional outcome were carried out by an investigator who was not present during the infusion or the period immediately after this, when the patient might be recovering from any sedative effect of the drug.
A 15-minute loading dose of the study treatment (8% of the total dose) was given under the direct supervision of the physician in charge, and sedation was carefully monitored with use of an assessment scale (see below). The flow was then reduced to the maintenance rate. However, if the patient became drowsy (a score of 3; see below) during the loading-dose phase, the flow rate was reduced immediately to the maintenance rate.
The patient's level of sedation was carefully and regularly monitored during the maintenance phase. The maintenance infusion continued until the total infusion time (loading plus maintenance) was 24 hours. If the patient became markedly sedated (score of Ն4), the infusion was interrupted and then resumed again at half the previous rate. This stop/reduction procedure was repeated if required. If the patient was still profoundly sedated within 2 hours after the infusion was stopped, the study drug was not restarted.
Experimental and empirical treatments for acute stroke were not permitted during the most critical acute period, defined as the first 7 days. Insufficient data were available on the efficacy and safety of thrombolytic agents, aspirin, and anticoagulants in acute stroke at the time of the study, and these treatments were consequently not permitted until after day 7, with the exception of prophylactic treatment with low-dose subcutaneous heparin in patients at risk of deep-vein thrombosis. The patients were otherwise treated according to the routine therapeutic protocol of each participating center.
Assessments
Demographic details, medical and cerebrovascular history, general characteristics of the present stroke, a physical examination, and a full 58-point Scandinavian Stroke Scale (SSS-58) score 11 were recorded at admission. In addition, the stroke was classified into various syndromes on the basis of clinical symptoms, according to the scheme of Bamford et al. 12 Patients were classified under the total anterior circulation syndrome (TACS) heading if they had higher cerebral dysfunction (eg, cortical symptoms such as aphasia or neglect) plus motor and/or sensory weakness and homonymous visual field deficit. A partial anterior circulation syndrome (PACS) was defined by any 2 of the 3 TACS symptoms. Patients were classified as having a lacunar syndrome (LACS) if they had none of 
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the above symptoms but had either pure motor stroke, pure sensorimotor stroke, or ataxic hemiparesis. Posterior circulation syndromes (POCSs) were excluded by the trial protocol. A CT scan was carried out within the first 7 days. The results were used to classify patients into cerebral infarction (normal CT scan or evidence of infarction), intracranial hemorrhage, or other diagnosis categories. Cardioembolic infarction was defined as a possible cardioembolic source, ie, recent myocardial infarction (last 6 months), atrial fibrillation, or valvular disease. If a patient was found to have a diagnosis of intracranial hemorrhage during treatment, the study drug was discontinued. Assessments for body temperature, ECG, laboratory tests and plasma sampling of the study drug were made before and at the end of the treatment (24 hours). Pulse rate, blood pressure, sedation score and adverse events were assessed before treatment, at 15, 30, and 60 minutes during the first hour, then every 3 hours for half of the treatment time, and finally every 6 hours until the end of treatment. The level of sedation was recorded with a 6-grade rating scale as follows: 1, fully awake; 2, drowsy but answers when spoken to; 3, answers slowly when spoken to; 4, reacts when spoken to but does not answer; 5, reacts only to painful stimuli; and 6, does not react to painful stimuli. All patients, including treatment withdrawals were followed up over a 90-day period. At the first follow-up, at day 7, a general physical examination was carried out, and any adverse events that had not resolved at the 24-hour evaluation were followed up. Functional outcome on the Barthel Index 13 and neurological recovery on the 48-point SSS long-term items scale (SSS-48) were assessed at 7, 30, 60, and 90 days.
Before the start of the study, all centers received training in the use of the neurological and functional rating scales, usually with the help of a videotape. The principal investigator at each center ensured that appropriate training was given to the medical, nursing, and other staff involved.
Sample Size and Statistical Analysis
By assuming that the difference in the percentage of patients reaching relative functional independence on the Barthel Index between the treatment groups was 9% and allowing for a maximum variance of a proportion, it was estimated that a difference between the 2 treatment groups could be detected with 90% power and 675 evaluable patients per treatment group at completion of the study. This was based on group-sequential 2-sided tests with 2 planned interim analyses and 1 final analysis and an overall nominal significance level of 5%. 14 All statistical comparisons were carried out as 2-sided tests, and statistical significance was declared in the final analysis at PՅ0.043. Statistical significance of interactions was tested at the 0.100 level. All confidence intervals were 2-sided, with a 95% confidence level.
Descriptive statistics were used to estimate demographic parameters for all patients randomized to the 2 treatment groups. ANOVA models and 2 /Fisher's exact test, as appropriate, were used for the single purpose to highlight large baseline imbalances occurring by chance between treatment groups.
The main analysis of efficacy data was performed on all patients who were started on treatment and for whom at least 1 efficacy assessment (including death) was available. Principal focus was on the last rating scores, ie, the scores at day 90 or, in the case of dropouts, the last available score carried forward to day 90. Deaths were scored as zeroes in the main analysis of Barthel Index and the SSS but were also treated as a separate category in supplementary analyses.
The primary outcome measure, namely, the proportion of patients reaching relative functional independence (Ն60 points on the Barthel Index) at 90 days, was assessed for differences between treatment groups using the 2 test. An analysis stratified for center and the randomization stratum based on the time to start of medication from the onset of symptoms (0 to 6 hours, 6 to 12 hours) was performed by the use of the Cochran-Mantel-Haenszel 2 statistic. A categorization of the Barthel Index scores into 3 categories (0 to 55, 60 to 90, and 95 to 100) was also considered in the analysis. This choice for additional cut-off values between categories was made on the basis of a recently published study 15 in which 95 was used as threshold value.
For the SSS, the total score for the long-term scale (SSS-48) as well as the sum of the arm, hand, and leg motor power scores (SSS-MP) was subjected to statistical analysis. Differences between the treatment groups for the absolute change from baseline was assessed with the Cochran-Mantel-Haenszel test, stratified for center and time stratum.
Mortality was appropriately summarized as death rates and compared between groups. Survival distributions were estimated with use of the Kaplan-Meier method and assessed for differences between treatment groups with the log-rank test. Surviving patients with a follow-up period of Ͼ100 days were censored on day 100. Atrial fibrillation, n (%) 127 (19) 111 (16) 238 (18) Myocardial infarction, n (%) 105 (15) 92 (14) 197 (14) Angina, n (%) 124 (18) 113 (17) 237 (17) Cardiac failure, n (%) 80 (12) 73 (11) 153 (11) Previous stroke, n (%) 78 (11) 89 (13) 167 (12) Previous transient ischemic attack, n (%) 105 (15) 95 (14) 200 (15) Incidences of adverse events were compared between groups with use of the 2 /FisherЈs exact test, as appropriate. Logistic regression modeling techniques were used to assess the influence of covariates on outcome as well as to evaluate possible treatment group by covariate interactions. The primary outcome measure was used as dependent variable in this analysis, but the categorization of Barthel scores into 3 categories was also evaluated, under the assumption of proportional odds. The interaction terms were tested 1 at a time in a model that included terms (main effects) for all covariates considered in the analysis. In the event of several significant interaction terms, each was fitted after the other to check whether any of the interactions were redundant. The baseline covariates specified in the protocol were time since onset, SSS score, age, gender ,and cardioembolic versus noncardioembolic disease.
Results
Recruitment and Baseline Characteristics
At completion of the study, 1360 patients were randomized; 4 patients did not receive treatment (1 randomized to clomethiazole, 3 to placebo). Four clomethiazole patients and 8 placebo patients did not complete the 90-day study period for reasons other than death. The safety analysis was carried out on the 1356 treated patients. No efficacy data were available for 3 (1 clomethiazole, 2 placebo). The remaining 1353 patients were included in the main efficacy analysis: 678 received clomethiazole, and 675 received placebo. A general feature of the demographic and baseline characteristics is that they were well balanced between the treatment groups (Tables 2 and 3). The most common stroke syndrome, according to Bamford et al, 12 was a TACS, which occurred in approximately 40% of the patients. After the CT scan results were known, acute cerebral infarction was diagnosed in 93% of the patients. Centers were encouraged to enroll patients within the first time stratum (ie, 0 to 6 hours), and approximately 50% of the patients were randomized to this stratum. Their stroke symptoms were more severe on average compared with those of patients randomized after 6 hours (Table 3) , but there were only minor differences in mean age (Table 2) .
Dose Administration
The mean dose administered was 66.4 mg/kg for the clomethiazole group, which is 88% of the target dose. The equivalent figure for the placebo group calculated from the volume administered was 71.4 mg/kg. The lower dose in the clomethiazole group resulted from the higher incidence of dose reductions or withdrawals because of sedation, which was in accordance with the study protocol.
Main Efficacy Analysis
Functional Outcome
At last rating, a total of 380 clomethiazole-treated patients (56.1%) reached relative functional independence compared with 370 patients in the placebo group (54.8%) (Figure 1 ). Table 4 . There was no significant difference between the treatment groups at any time point. Patients in the late time stratum had a better outcome on the Barthel Index in both treatment groups than patients in the early stratum (PϽ0.001) (Figure 1 ). However, there was no significant difference between the treatment groups for patients in either stratum.
Outcome on the SSS
Outcome was similar in each treatment group for the analysis of the SSS-48 (Pϭ0.556) and the SSS-MP (Pϭ0.960) at last rating (Table 4) .
Mortality
The incidence and distribution of deaths over time was very similar for each treatment group. The overall mortality was 19.5% (132/678) in the clomethiazole group and 19.7% (133/675) in the placebo group (ORϭ0.99; 95% CI, 0.75 to 1.29; Pϭ0.913). The Kaplan-Meier estimates of the survival distributions are depicted in Figure 2 
Influence from Covariates and Subgroups Analyses
Age and SSS score were found to be the protocol-specified baseline covariates that had overall prognostic importance for the recovery of patients, independent of treatment. Both covariates were highly significant (PϽ0.001). Corrections for the small imbalances between clomethiazole and placebo with regard to age and SSS score (Tables 2 and 3 ) increased the OR to 1.14 (95% CI, 0.88 to 1.47; Pϭ0.321) in the analysis of the primary outcome measure.
After adjusting for age and severity, no effect of time since onset was apparent, either on the overall recovery or on the difference between treatment groups.
The investigation of a possible heterogeneity of differences between treatment groups pointed to an interaction between treatment group and baseline SSS-58 score (Pϭ0.030, categorized variable), so that in more severe patients a greater percentage reached relative functional independence compared with placebo-treated patients.
This result triggered an extended covariate analysis in which general characteristics of the present stroke and the syndrome classification into TACS, PACS, and LACS (according to Bamford et al 12 ) were added to the set of covariates. Besides age and SSS score, the Bamford classification and presence of aphasia were found to have overall prognostic importance, independent of treatment. Moreover, a differential effect of treatment with clomethiazole was suggested for patients classified as TACS versus the others (non-TACS), as reflected by the interaction test (Pϭ0.038). For patients with TACS, 40.8% of clomethiazole patients (117/287) reached relative functional independence compared with 29.8% (77/258) in the placebo group, a difference of 10.9 percentage units (ORϭ1.62; 95% CI, 1.13 to 2.31; nominal Pϭ0.008). The corresponding numbers for non-TACS patients were 67.3% (263/391) in the clomethiazole group and 70.3% (293/417) in the placebo group, with a difference between groups of 3.0 percentage units (ORϭ0.87; 95% CI, 0.65 to 1.17; nominal Pϭ0.358) .
In TACS patients the absolute median change from baseline to last rating for the SSS-48 score was 7 for the clomethiazole group and 5 for the placebo group (nominal Pϭ0.094). Mortality was 28.0% in the clomethiazole group and 32.2% in the placebo group (nominal Pϭ0.361). Table 5 shows adverse events occurring at an incidence of Ն5% in either treatment group. Somnolence, which includes the term sedation, was the most common adverse event in the clomethiazole group. It was also the most common adverse event leading to treatment withdrawal, accounting for the withdrawal of 90 of 106 clomethiazole-treated patients (15.6%) because of adverse events compared with 21 of 29 placebo patients (4.2%). Vomiting was more frequent in the placebo group. Adverse events with an incidence of Ͻ5% and PϽ0.05 for the difference were hiccups, injection site reaction, thrombophlebitis, conjunctivitis, and abnormal lacrimation. All occurred at a higher incidence rate in the clomethaizole group. During treatment there were more serious adverse events in the clomethiazole group related to the sedative properties of the drug (eg, sedation, coma, and stupor), but the incidence was low. There was no difference in the incidence of serious adverse events between the treatment groups for pulmonary conditions, cardiac conditions, or progressive stroke (data not shown).
Adverse Events
Discussion
CLASS was designed to select a group of patients that offered a good possibility of demonstrating a treatment effect of a neuroprotective agent. The demographic and baseline characteristics of the patient group selected were balanced well between the treatment groups owing to the randomized trial design and the relatively large number of patients included. The small differences in age and severity between the treatment groups still influenced the odds ratio for a treatment effect because of the large impact these covariates have on the overall recovery of patients. The patient group selected was similar to that included in the ECASS t-PA trial in terms of demographic characteristics and severity of stroke, 16 although ECASS had a 6-hour time window. The CLASS patient group also appears similar to the group included in the NINDS t-PA trial, 15 which had a 3-hour window. However, the incidence of a medical historyparticularly diabetes and hypertension-was lower in CLASS.
Clomethiazole was generally well tolerated and appeared to be a safe drug to use in the population studied. Although there was a higher incidence of treatment withdrawals due to sedation on clomethiazole, this was to some extent protocol driven. Treatment could not be restarted in patients who were markedly sedated 2 hours after a treatment interruption. Other adverse events were of low incidence. No statistically significant difference was found between the treatment groups on primary and secondary efficacy end points in the main efficacy analysis. Treatment had to be initiated within 12 hours of onset of symptoms, a time compatible with the current practice of stroke care. It is unlikely that a direct extrapolation of the time window in animal models can be made to stroke in humans. Imaging studies in stroke patients instead indicate a prolonged period in which penumbral tissue may be salvaged, indeed for up to 48 hours. [17] [18] [19] To allow for the effect of time since onset of the symptoms to be specifically studied, the trial was designed to recruit a sufficient number of patients into the early and late strata. No effect of time since onset was seen, however, once we adjusted for the effect of severity and other covariates.
In contrast, subgroup analyses showed that outcome appeared to be better for clomethiazole compared with placebo in 2 largely overlapping groups of patients, those with a severe neurological deficit at baseline according to the SSS and those classified at baseline as having a total anterior circulation syndrome (TACS). These are patients who have been shown by others 20 to have a large volume of infarction. Caution is required in the interpretation of subgroup analyses because the risk of a treatment difference arising by chance is increased. However, these analyses have generated the hypothesis that clomethiazole is effective in patients with clinical symptoms of a "large" stroke, possibly because such patients have a larger penumbral area as a target for therapy. This hypothesis is being tested in a further trial currently ongoing in North America (CLASS I).
